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FOREWORD

This report has had classified material removed in order to
make the information available on an unclassified, open

publication basis,

to any interested parties. This effort to

declassify this report has been accomplished specifically to
support the Department of Defense Nuclear Test Personnel Review
(NTPR) Program. The
low levels of radiation received by some individuals during the
atmospheric nuclear test program by making as much information
as possible available to all interested parties.

objective is to facilitate studies of the

The material which has been deleted is all currently
classified as Restricted Data or Formerly Restricted Data under
the provision of the Atomic Energy Act of 1954, (as amended) or
is National Security Information.

This report has been reproduced directly from available
copies of the original material. The locations from which
material has been deleted is generally obvious by the spacings
and "holes" in the text. Thus the context of the material
deleted is identified to assist the reader in the determination
of whether the deleted information is germane to his study.

It is the belief of the individuals who have participated
in preparing this report by deleting the classified material
and of the Defense Nuclear Agency that the report accurately
portrays the contents of the original and that the deleted
material is of little or no significance to studies into the
amounts or types of radiation received by any individuals
during the atmospheric nuclear test program.
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ABSTRACT

The surface germa radiation fields resulting from the burst
of an antisubmarine rocket (ASROC) with a nuclear warhead were
measured at a limited number of stations. In addition, measure-
ments were made and samples collected in order to study base
surge physical and radiochemical characteristics. Early-time
surface water samples of the residual radioactivity in the ocean
about surface zero were collected for the radiochemical determ-
ination of the yield of the weapon.

The array consisted of eight stations extending from 7,500
feet upwind to 14,700 feet downwind from surface zero. The sur-
face wind was at an angle of approximately 40 degrees to the
axis of the array.

The base surge and the conteminated water patch were the
predominant sources of gamma radiation generated by the deton-
ation of the weapon, Within 5 minutes in a 10-knot surface wind,
the base surge expanded radially from surface zero to 6,500 feet
upwind, 7,500 feet crosswind,and 14,000 feet downwinde By the end
of that time, maximm upwind and crosswind extent had been reached,
end the entire mass of the surge was carried downwinde Within the
first 10 minutes,dose-rate levels of from 300 to 4,000 r/hr were re-
corded within the base surge with 100 r/hr being recorded at the
edge of the surge as late as H # 20 minutes. The dose-rate gredient
from the surge in the upwind direction was very dteep, with 90
percent of the total dose to all upwind stations outside of the
surge being delivered in the first 10 minutes after the detona-
tion. The deposit dose from the surge was not significant. The
dose contribution by the surge to all stations was either from
shine or from the passage of the surge over the station or both.

The radioactive water patch formed by the detonation ex-
panded radially from surface zero to form a roughly circular con-
taminated area on the surface of the water about 14,000 feet in
diameter at the end of the first hour. At that time, gamma dose-
rates of from 2,500 to 6,000 r/hr were recorded within the limits
of the patch. Peak dose rates as high as 17,000 r/hr were re-
corded within the patch at H £ 17 minutes and 100 r/hr as late as
H £ 3 hours.

The yleld of the weapon was independently determined from
radiochemical analysis of samples taken from the contaminated
vater patch and quantitative knowledge of the device's original



_goutitutentss_. The results indicated a yleld of

Postshot radiologicel monitoring of all stations showed that
those stations within the wa;;z Satch vere contaminated with an
alpha emitter identified as 39, The contamination was con-
centrated at the waterline of the statiom, indicating that at
least the surface of the water patch contained a significant
amount of this material. Postshot monitoring showed no sig-
nificant alpha or gamma contamination of the salt water systems
operating on the vessel which collected the water samples from
the contaminated water patch, The normal steaming operations
of the vessel served as an effective decontanination procedure.

The USS Bausell (DD-845) located 6,400 feet upwind of sur-
face zero, received its total gamma dose in the first 10 minutes
of the event. Gamma dose-rates and total dose at below-deck
locations vas reduced by as much as a factor of 100 by the
natural shielding afforded those locations by the structure of
the shipe The three veatherdeck locations for which there were
records show no such reductione

A table of the total garma dose versus station location is
given below with notes indicating the sources from which the dose
was accurnilated.

Distance Total Gamma Time to 90%
Station _ from SZ Dose Total Gamma Doge
(£t) (r) min)|
1- Up\dnd(a) 7,250 375 7
2 - Upwindé.:; 5,170 22, 12,5
3 - Upwind b 3,980 9R3. 19
10 - mndib; r 2’430 4,2500 46
5 = Downwind 3,590 207.5 16
% - Dwmvind (b) 6,890 e 6
7 - Dovnwind ic 10,340 38.5 10
8- Down\(.lsd ¢ 1,790 20, 17.5
Bausell ‘& 6,400 2.1 10.5

(2) Shine from plume and surge onlye

(bg Surge and water ratche

(¢) Surge onlye

(*) This station capsized at about H £ 50 secondse



PREFACE

Shot Sword Mish was an undervater veapon-effects test conducted
in the Pacific Ocean off the southwest coast of the United
States on 11 May 1962 as part of Operation Dominic. Sword
Fish vas also the first fully operational test of the Navy's
antisubmarine rocket (ASROC) weapun system in which a nuclear
var reserve veapon was expended. Radiological weapon-sffects
information of importance to the advancement of surface ship
capability to conduct nuclear antisubmarine warfare was ob-
tained.

This report supersedes the Project Officer's Interim Report
(POIR-2004) "Radiological Effects from an ASROC Delivered
Weapon®, July 1962, It also supersedes the information ab-
stracted from the above report which appears in the Scien-
£ific Director Summary Report, for Shot Sword Fish of Opera-
tion Dominic, dated July 1962.

The writing of a report of this nature limits the author-
ship to a very few people. Yet the material out of which the
report is written 1s generated by a large number of people who
gerved anonymously. Enforced brevity precludes full recogni-
tion of all of these comtributors. The authors are nonethe-
less aware of this support and express thelr gratitude. 4
148t of the principal contributors follows.

Special thanks are extended by the authors to the officers
and crew of the USS Sioux (ATF-75), for their part in the samp-
1ing and the radiological survey of the water patche

Thanks is also extended to Dr. Nathan Ballou of NRDL and
particularly to Leland R. Bunney and his group, who performed
the radiochemical yleld determination.

For radiological safety consultation and advice, Albert
L. Baietti and Edward J. Leahy.

For military liaison, CDR Thomas L. Birch, USN.

For superior performance as staff assistant to the Pro-
ject Officer, Louls B. Gomez, INC, USN.

For instrument maintenance, installation and recovery,

Byron J, Hansen, Andrew L. Berto, James A. Reichardt,and
Edmond W. Jonaese
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Chapter 1
INTRODUCTION

The radiological enviromment created by the detonation of an
antisubmarine rocket (ASROC) depth charge is the principle
factor governing the formation of attack gtrategy and sub-
sequent maneuvering tactics jnvolved in the delivery of that
weapon.

The establistment of delivery stend-off distance based
on shock as well as radiological considerations, is importent
but is involved only gt the start of an attack probleme
radiological aspects are continuing however. They must be
considered throughout the entire evolution of the attack
situation and are compounded by successive attacks in the
same aref. Immediately following an attask, the delivery
vessel must re-establish contact with the target for pur-
poses of ki1l confirmation or further pressing of the attack,
either on the same OT additional targets. It is therefore
necessary that the general nature of the radiological en-
vironment created be lmown in advance in order that proper
strategy can be prefomulated for varying attack situatione

Since the base surge is Jnown to be & predominant source
of radiologicel effects, theoretical studies and operational
analyses of mdervater detonations have been based primarily
on data from the base surge and cloud originating from high-
explosive model work and the results of Operatioms Crossroads,
Wigwam, and HAardtack (References 1 through 3). These
analyses have guffered from uncertainties in the relation-
ship between the above-gurface effects and the related dis-
tribution of redioactivity; from geometric gimplification
of the base surge and cloud required for pathematical treat-
ment; and from the agsumption of no f3ssion product frac-
tionation in the base surgee It is evident that more empir-
jcal data on these effects is required to further evaluate
the radiological enviromment and its military implications
for the general case of the undervater nuclear detonatione
Of even more importance 1s the acquiring of specific data
applicable directly to the ASROC depth charge in view of its
present operational status in the fleet. Accordingly, this
Project was designed to collect input data for a more pre-
cise description of the environment resulting from the det-
onation of that weapon, acheduled as Shot Sword Fish of
Operation Dominice

/3



1,1 OBJECTIVES

The general purpose of the Project was two-fold: to ob-
tain data which could be translated directly into a descrip-
tion of the radiological enviromment created by the detonation
of the ASROC weapon for immediate application to the operational
use of that weaponj and to secure data for a better theoretical
understanding of the radiological aspects of all underwater nuc-
lear burste. Several factors, notably the lack of sufficient
preparation time and the nature of the Task Group Operation
Plan, made a large-scale project impracticals The effort ves
therefore restricted to the following specific objectivese

1,1,]1 Surface Gemma Radiation Measurementge These were
the measurements of prime importance to the Project,and a

major portion of the effort expended was in behalf of these
data. The recording of the gamme fields were planned at
eight floating stations, some upwind and some downwind from
surface zero, on a line parallel with the direction of the
wvind. The station locations were established to allow the
best possible separation of the gamma dose from the plume,
base surge,and contaminated water patch. This placed some
upwind stations beyond direct contamination by the base surge
and yet close enough to record the gamma field created by it.
It also placed both upwind and downwind stations wvithin the
limits of both the surge and conteminated water patch. Fin-
ally, it placed some downwind stations outgide of the water
patch but still within the limits of the wind-driven base
surgee

It was hoped thatsby the use of photographic coverage,
the location of all stations could be determined with respect
to time, surface zero, and the visible surface effects from
the detonation. With this information, the best possible
picture of the event could be deduced when correlated with
the records of the genma fields with respect to time.

This vas accomplished by use of a Garma-Intensity-Time-.
Recorder at all stations and the photographic coverage sup-
plied by Project 1.2 from the Navael Ordnance Laboratory at
White Osks, Maryland (NOL)s T he product of these data would
astablish total gamma dose at station locations, dose rate
with respect to time at those locatlons, and rermit the sep-
aration, where permissible, of the various contributing
gources to the total gamma field.
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It was realized at the outset that the application of
data from so few stations to the accurate description of the
event would be limited. Dus to the necessity for the single
line array and the consequent lack of station density, the
data obtained from each station would be explicit only for
the location of that station. However, continuity of data
from the several stations would imply similar conditions for
geometrically similar locations in the area. Separation of
the contributions of the various sources of gamma radiation
guch as the contaminated water patch and the base surge
could be nade only in the absence of all other contributors
because of the omnidirectional responge of the gamma record-
ing instrument used. Because of these limiting circumstances,
the overall picture of the event as formed from the data
gathered vas implicitly drawn, interpreting the data in the
1ight of known site conditions and the symmetry of the visual
above surface effects.

1,1,2 Radiochemicael Yield Determination, The radio-
chemical yield of the weapon was determined as a separate

task, not necessarily connected with or related to the rest
of the data. The independent determination of the yleld vas
necessary to the operation, since practically all data and
measurements made by all of the projects were corollary to
it, From an operational standpoint, the Project's objective
was to secure proper semples from which the determination
could be rade and to arrange for the delivery of the samples
to NRDL in the shortest possible time. In order to obtain
samples of sufficiently high specific activity (1012 f1gsions/
liter or more) the earliest entry into the patch was planned.
Fast air transportation direct from the shot site to NRDL
assured prompt delivery of the samples.

The actual yleld determination was performed at NRDL with
the assistance of outside contractors on the routine radio-
chemistry. The results will be reported separately and in de-
tail at a future date. It is intended in this
report only to give a brief description of the approach used,
the resultant yield, and a statement as to its accuracy.

1,],3 Target Vessel Gemma Fields. Gemma field measure-
ments were made at selected locations aboard the USS Bausell
which was a FRAM-1 conversion of a Gearing class destroyer,
fitted with the ASROC depth charge delivery system and located
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in the towed array 6,500 feet from surface zero in a simulated
weapon delivery position. From these measurements, a qualita-
tive evaluation of the natural shielding afforded the crew of
such a ressel by the structure of the vessel itself could be
made when combined with the information regarding the gamma
fields in the vicinity of the vessel as given by the floating
stations.

1,1,4 Bagse Surge Measurements and Sampling. To gain
further insight into the mechanisms of the surge's physical

and radiological makeup, sampling of the gas and water phase
of the surge was underteken. In addition, measurements of
the droplet count of the larger droplets (0.55 to 4.00 mm)
present in the cloud were attempted. These measurements and
semples were aimed at supplying input data for a base surge
model theory now under development at NRDL. This theory 1is
based on a droplet coalescence principle as a basis for des-
cribing the physical characteristics of the base surge (Ref-
erence 4). When combined with the proposed radionuclide
fractionation theory of tha base surge as put forth by P.D.
La Riviere, the model will have the capability of predicting
the amounts of certain rad’onuclides distributed in the cloud
and rainout drops, for a pumber of ylelds and depths of burst
under normal weather coniitions.

The droplet count data was planned for deriving input
conditions for this model, additioh radiochemical an-
alysis of the samples for Be and Lal40would serve to
establish the extent of radionuclide fractionation within
the base surge cloude Decays of the samples taken from the
radiocactive water patch were planned as a further qualita-
tive check on the extent of the fractionation that took
place.

1,2 BACKGROUND

Past nuclear test series have included four underwater
detonations as presented in Table l.le Measurements of the
visible above-surface phenomena and radiological history
vere made to some extent on all of these events., The most
complete radiological data came from the Project 2.3 coverage
of the and Umbrella events (Reference 3).
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1.2,1 Event Description, Because of the close similarity
between the _and Sword Fish events in yield
and depth of burst, the former event was used almost exclus-
ively for the planning of the Sword Fish station array. It
vas assumed that the above-surface visual and radiological
effects would be comparables From the experience gained
from the previcus tests, rarticularly the Wahoo experience,
the radiological enviromment was considered to consist of
three major sources of gamma dose rate. These were the
plumes, the bese surge, and the contaminated water patch.

The gamma dose delivered by these sources came either from
shine extending beyond the physical limits of the source or
from direct contact with the source. Of these sources,
direct contact with either the surge or the water patch appeared
to be the most important due to their persistence in time and
the corresponding high total gamma doses which could thereby
be accumulated. '

There were also minor contributors of dose rate from
radioactive material deposited directly by the passage of
the base surge and radioactive material picked up by vessels
and stations from the water patch.

Chronologically, the plume is the first source of gamma
radiation at the surfaces It is redioactive and is thrown
upward to a height of at least 1,700 feet for this yield and
burst depth. Béecause of the liuited time this source exists
(about 30 seconds),its dose contrisution to any station 1s
smell when compared with the dose from the surge. It is
probable that vessels located at sufficient distance u, ~ind
from surface zero to maintain mobility after the passage of
the underwater shock wave would be far enough removed to
render minor the total gamma dose from the plume.

As the plume subsides, the base surge forms and rapid-
ly expands radially outward from surface zero. The water
and mist contained in the base surge is also highly radio-
active, receiving its energy of motion from the subsi,
plume. The contribution by the shine from the surge is not
known. It was shown from the Wahoo experience, however, that
the dose rates within the base surge are in the range of
thousands of roentgen per hour and that total gemma dose in
such locations can be correspondingly high from an operational
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standpoint even though the time that the location is exposed
to radiation from the base surge is relatively short. Though
the base surge is visible for about 10 minutes after the
detonation, it remains as a radiation source for & much
longer time. The length of time that it remains in the
burst area depends upon the velocity of the surface wind;

jt remains longest in a no-wind condition. Thus, the base
surge is known to be a dangerous sow ce of gamme radiation
over an operationally large downwind erea and for a corsider-
able length of time after the burst of the weapon. The area
is defined primarily by the extent of the surge growth during
the first 5 minutes and the surface wind velocity,

During the initial stages of the base surge formation,
or perhaps even before that time, the water patch forms and
spreads out radially from surface zero. Its rate of growth
is slower than that of the surge,and its ultimate size withe
in the first hour is not as larges The water contained in
this patch is known to be highly radiocactive anc is made
visible initially by large expenses of white foam which
cover its entire area. The patch grows in size to 2 miles
or more in diameter within the first hour. By that time,
the foam has all but disappeared, leaving the patch invisible
to the eye. Information as to the gemma fields existing
within the water patch at this time have been measured at
previous nuclear tests in only isolated cases, not necessarily
applicable to the patch left by the ASROC weapon. Certainly,
for bursts teking place in deep water where the bottom of the
ocean is not involved, the gamma fields created by the water
patch present a possible serious hazaerd to ship operation in
the area of the burst for a significent length of time. In
contrast, Umbrella data indicated a scavenging of
fission products by bottom material which reduced the patch
gamma fielde In any event, due to its initial high dose rate
and its persistence in time, the water patch must be con-
sidered as a major source of garma rediation, at least withe-
in its geographical limits.

1,2,2 Highlights of Nuclear Tegt Results. The results
of past nuclear undervater tests, principally those events
covered by Reference 2, have shown that safe standoff
delivery distance of a nuclear depth charge is controlled in
some cases by the totel garma dose received by the dellvery
vessel. The predominance of the transit dose over both the
.deposit dose from the base surge and the shine from the plume
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and surge is also shown in these results. Date were obtained
vhich for specific conditions allowed rough predictions of
the transit dose-rate history to be made. However, know-
ledge of the base surge formation processes and of how the
total dose from all sources is recelved is still limited.
For this reason, predictions of safe standoff distance and
formation of attack strategy over an extended range of shot
ylelds and depths have low levelsof confidencee

Because of the 1958 nuclear test ban, NRDL expanded the
Hydra Program (Reference 5) to continue the studies of the
various processes resulting from an underwater detonation,
vhich influence the overall distribution of radioactive
debris. The field phase of this program was based on the
use of large high—explosive charges as model detonations
with incorporated radioactive tracers. These studies to
date have been limited to shallow explosions. Much of the
input data used in the development of the droplet coales-
cence model was obtained from this work,but since ite develop-
ment antedates the last nuclear testing, no full-scale input
data has been available for its testing. The base surge
measurements taken by the Project were designed to fulfill
this need.

Other models have been developed at NRDL (Reference 6
and 7) for computing base surge dose-rate histories for
undervater bursts. They assume simple geometric shapes to
represent the base surge for varying yields, depths of burst,
and wind conditions. They also assume varying percentages
of the total fission products uniformly distributed in the
surge, with no fractionation of the products taking places
Thess assumptions were necessary because information vas
ingufficient for evaluating additional pertinent variables.
The geometry of the time-dependent dimensions of the base
surge for each of the past underwater nuclear shots were
fed into the model, and by employing various concentrations
of radioactivity in the surge, fair agreement with measured
dose rates was obteined., The final values for the assump-
tions were chosen so that they produced the best fit with
the measured results; thus, the validity of the model has
been positively indicated only for those shot geometries
from which its input data vere obtainede In Refersnce 7,

a need is expressed for further data and study to increase
the model's reliability and range of application.
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TABLE 1.1 PREVIOUS SHOT DATA

Nominal Burst Water
Yield Depth  Depth

MLQL___SME—- (i) (£t) (£t)
Crossroads 23 5 90 180

2,000  Deep

Wigwam
Hardtack Wahoo 500  Deep
Hardtack Unbrella l __Bottom 148
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Chapter 2
PROCEDURE
2.1 PARTICIPATION

Unlike the major portion of the Dominie Operation, which
vas carried out from Central Pacific Ocean Iaslands, Sword Fish
vas staged out of the Naval Repair Facility at San Diego, Calif-
ornia, The shot site was located over the Jasper Seamount
about 400 miles west and slightly south of that city. The
shot was fired on 11 May 1962, General information regarding
site conditions at the time are shown in Table 2.l.

Participation of Project 2.1 in this test involved the
taking of radiological weapons-effects measurements. The in-
strumented station array consisted of a tow line approximatel
six miles longe The tow was made up of a vessel (USS Bausell),
eight coracle stations, a raft which was actual target of the
veapon, and an end-of-tow raft (See Figure 2.1).

(DD-845)

The Bausell/proceeded to the test site under her own
pover., The coracle stations were transported on the flight
deck of the USS Monticello (LSD-35) from which they were
launched and attached to the towline. The towed array was
agsembled on the morning of shot day and was taken in tow by
the USS Molala (ATF-106§ in a generally upwind direction.

All coracle stations, numbered 1 thru &, were equipped
with the following instruments. Two Gamma-Intensity-Time-
Recorders (GITR) were installed to record the gamma fields
throughout the event. They were identical and were used in
duplicate to safeguard the loss of data due to possible in-
strument failure. Physical measurements of the base surge
vere made with the Automatic Droplet Counter (ADC) designed
to establish relative quantities of four of the larger drop-
let sizes expected within the surge. A gas-fraction sampler
and water-fraction sampler for collecting those phases of the
surge completed the instrument complement of the station.

GITRs were also placed at 13 locations on the weather

decks and below decks aboard the Bausell to record the gamma
fields.
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During preparation in the staging area, instrurents wvere
checked out and installed, array streaming rehearsals were
conducted by the task force, and methods perfected for station
handlinge All major project work was completed at the staging
area with only the arming of stations left for the sea opera-
tion,

Station arming started on May 9,and on May 10, the sched-
uled shot day, the stations were launched and the entire
array assembled. On the first attempt to fire the shot,
trouble developed on the firing ship, causing a one-day de-
laye This made it necessary to disassemble the entire array.
The following dasy, May 11, stations were rearned and the array
reassembleds

The shot was fired at about 1300 PDST, and by early
morning of D £ 1 day all stations had been recovered. Late
in the afternoon of the shot day,the yleld semples,taken by
the project from the contaminated water patch,were trans-
ferred from the sampling vessel to an eircraft carrier from
which they were flown directly from shot site to NRDL for
analysise A1l other samples and data tepes were recovered
on D¢ 1 and returned to NRDL for processing as soon as the
ships returned to the staging area.

2,2 INSTRUMENTATION

The Project vas fortunate in having the GITRs on hand
from the start of planning. The coracles also vere avail-
gble and were made ready with only minor repairs and internal
instrument arrangements. These two items had been used with
considerable success by NRDL during the HARDTACK Operatione
Their availability made it possible for the project to ex-
ecute its objectives with relatively short lead preparation
time and at a very low instrument cost. Without them, the
Project could never have fielded the effort with the sophis-
tication which these items represented.

2,2,1 Ingtrument Statiopge The coracle used by the

Project was a round fiberglass buoy made up of three major
parts: the mll, the top, and the instrument welle Springs
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suspended the top and its instrument well from the hull.
This arrangement was capable of reducing a shock loading
of 200 g at the hull to 5 g in the instrument well. Fig-
ures 2.2 and 2,3 show the general arrengement of the cor-
acles as well as some of the construction details. Com-
plete information on the hull geometry can be found in Ref-
erence 3,

2,2,2 Gemma-Intensity-Time-Recorder. The primary in-

strument used by the project was a portable, self-contained,
gemma-intensity-time recorder. It was also the primary in-
strument for Project 2.3, Operation Hardtack, and its dis-
cription is fully covered in References3 and 11. Briefly,
it is 16 by 13 by 21 inches high, weighs about 55 pounds
with power supply, and consists of these units: a radia-
tion detector with time base, a three-chennel recording
system, a battery pack, and miscellaneous instrument con-
trol switches and associated circuitry.

The detector wnit can be mounted either inside the
recorder case or as a separate cable-connected unite The
GITR was used with both detector configurations on thkis
operation. The sensitive element is a low-range ionization
chamber conteining a concentric, internally mounted, high-
range chamber, The common base of these chambers contained
the associated recycling electrometer circuitse

Both chambers have a nearly 4-pi response and are in-
dependent of incident gamma energy within £ 20 percent from
100 kev to 1.3 Mev. The discharge of either chamber fires
its associated electrometer, giving a square-wave pulse
which is amplified and recorded on magnetic tape. The trans-
ducer automatically recycles to the origin . charge condi-
tion in about 0.5 msec. Each recorded pulse represents an
increment of gamma dose which, by means of time pulses, can
be converted to dose rate. The dose increments from the two
chambers and the time base are recorded as three channels of
information on a 4-inch magnetic tape. The tape transport
has a tape speed of 0.25 in/sec, gigin 12 hours of opera-
tion with a range of 10 mr/hr to 10 r7 e The timing pulses
were accurate to & 0,10 percent,

- Each coracle contained two identical GITRs with remotely
located detector heads housed in watertight li-gage alumimm
she]).ls mounted on the coracle deck (see Figures 2.2 through
2.4)
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Eleven GITRs were placed on the weather decks and in selected
compartments of the Bausell. Shipboard GITRs were arranged
uith the detector head mounted inside the case. The case
vas mounted in 8 shock frame (see Figure 2,5) welded to the
ship's decks Locations of the GITRs on the Bausell are shown
in Figure 2.6,

2,2,3 Autcmatic Droplet Counter. The automatic
droplet counter was a modified GITR, The GITR ion chamber

head was replaced with a droplet size sensor. This sensor
(see Figure 2.7) contained four pairs of wires across an
opening, the wires in each pair being 0.5, 1.0, 2,0 and 4.0

mm apart, in air. The distance between the pairs was far in
excess of the largest stable droplet size. These wires were
mounted in a rigid head, end the head was mounted on the cor-
acle 18 inches above the deck, with the plane of the wire pairs
at 45 degrees to the deck (see Figure 2.2).

As the droplets passed through the plane of the wires,
they shnrted out wire pairs momentaerily, depending on the
drop size and the wire pair dimension. The shorting of any
wire pair fired its associated electrometer, giving a square-
wave pulse which was recorded on the magnetic tape. Since
each GITR tape transport contained three channels, the use
of four wire pairs necessitated two modified GITRs for each
station, giving a total of four data channels and two timing
channels.

242,4 Gag Fraction Samplers The gas fraction sampler was

designed to extract a sample of gas from the base surge as it
passed over the station. The water phase of the surge was
filtered out at the entrance surface of the collecting head.
The instrument (see Figure 2.8) consisted of two tanks mounted
one on top of the other, A filter head was located in the
sample intake pipe above the deck of the coracle,and a valve
was between the two tanks. The top tank was charged with
water,and when the valve between the tanks was opened, the
water passed from top to bottom, drawing a gas sample into the
top tanks The valve, located between the two tanks was a
glass globe with an explosive squib insides The globe was
broken by the squib which was detonated by a radiation trigger.
(see Section 2.2.6),
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2,2,5 Water-Fraction Collector. The function of the water-
fraction collector was to collect samples of the rainout from

the plume and base surge. It consisted of a bottle and fumnel
connected by a tubes The funnel was located 18 inches above
the coracle decke The bottle was inside the instrument well,

2,2,6 Instrument Control and Timing Fiducialge Control
of instrument timing and starting was accomplished within the
Projects The GITRs and ADCs were started at the time the
stations wers placed in the array. The gas fraction semplers
were to have started by a special radiation trigger. Time
was established either from a fiducial mark placed on the re-
corder tapes at starting time or by a pressure transducer
activated by the pressure wave from the detonation of the
veapon.

The GITRs and ADCs were started just prior to being
placed in the array. A rated chronometer set to Greenwich
Civil Time (GCT) was used as standard Project time., Fiducial
marks were placed on the recorder tapes immediately after
instrument starting and the time logged from a rated com-
paring watch.

Each coracle station and the Bausell were equipped with
a pressure transducer that placed a signature on all GITR
tares, all ADC tapes, and all GITR tapes on the weather deck
of the Bausell, at the time of arrival of the shock wave.
Detonation time was established by the Task Force. The
initial manually placed timing fiducial,along with the shock
vave signature and the time of detonation, allowed 2331 time
to be established on the recorder tapes within the £ 0,10-
percent accuracy of the timing marks placed on the tapes by
the recorders.

The Gas-Fraction-Sampler was required to sample for two
minutes immediately after a dose rate of from 40 to 50 r/hr
was reached at the station. A radiation trigger was used to
initiate the sampling operation. The trigger was built up
from a commercially aveilable survey radiac meter. The output
of the meter was disconnected from the 54 a meter movement and
was used to trigger a thyratron. When the dose rate rose to
the required level, the thyratron fired, closing a relay
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which in turn put a dry cell across the squib in the valve
between the sampler tanks. Simultaneous with the triggering,
a timing mark was placed c¢n the recorder tepes, allowing time
of the sampling to be established.

2.2,7 NRDL GITR Tape Readout. The GITR readout was an
electronic device developed at NRDL to convert data pulses

recorded on GITR tapes into raw date, the character of which
depended upon the type of sensor head useds In this instance,
the data represented gamma dose per unit time using the ion
chamber head, and mmber of pulses from the wire pairs per
unit time using the droplet head.

The main components of the system are shown in Figure
2,9, The system operated in the following manner. The tares
were run on the tape transport. The timing channel was am-
plified and sent directly to the decade scaler, where it was
accumulatede The selected data chennel was fed through an
amplifier and modifier to the electronic counter. The timing
channel was also fed into the counter end gated such that the
data between every other timing mark was counted and accum-
ulated in the storage unit. At the end of every other timing
mark, the storage unit printed out its accumulated data on
the digital recorder, along with the total accumulated from
the decade scaler. Where the amount of data per unit time
was low, the system was altered to gate the counter on data
pulses rather than timing markse This printed-out data was
then in terms of time per wnit of data.

2.3 OPERATIONS

Operations were divided into three time phases. They
started with the arrival of the project at the staging area;
then moved aboard ship for the operations at the site of the
shot; then returned to the staging area and to NRDL for the
roll-up of the equipment and enalysis of the data., Three
weeks before the shot day, the Project moved to the Naval
Repair Facility (NRF) at San Diego where a work and storage
area was set up and preshot preparations were accomplished.
Sea operations lasted seven days followed by a return to San
Diego for the rollup of the Project and preliminary data
reduction.
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2,3,1 Staging Area Operationge During the three-week

period &t NFF prior to embarking for the shot site, all instru-
ments ware bench-checked and installed in the coracles.

GITRs were checked for triggering. ADC trigger levels
were set, Tapes were placed in all instrument recorders.
After these bench checks were complete, the GITRs end Auto-
matic Drop Counters were installed in the coracles, Follow-
ingythe Water-Fraction and Gas-Fraction Samplers were in-
stalled. Prior to the installation of these samplers, each
component was bench-checked for leakagee

Final selection of GITR locations aboard the Bausell
were made. The shock mountings were then installed followed
by the GITRs. (see Figure 2.6). On the USS Sioux, a sampling
arrangenment was installed for obtaining yleld samples from
the water patchs A hole was burned through the hull in the
shaft alley 5 feet below the water line,and internal plastic
piping was installed through which the patch sample could be
drawne.

In order to refine the methods of laying the towed array,
a rehearsal of this operation was conducted by the task force.
A set of eight dumy ccracles without instruments were used
during this rehearsal. The tow was actually laid in three
parts, These parts were: (1) tug to target ship, (2) target
ship to zero raft, and (3) zerc raft to end marker raft. The
first part was laid from the tug,and the other two parts were
laid from the LSD. The parts to be streamed from the LSD
were pulled by M-boats. As the towline passed over the stern
of the ship, stations 2 and 4 thru 8 were clipped in place in
pre-positioned ringse Number 1, the station located in front
of the target ship, was towed into place,because this portion
of the tow was layed by the towing tug. Number 3 station which
was located very close to one of the large rafts was towed in-
to position alsoe This was done to prevent any possible col-
lision between these two stations. During all operations,the
tow was streamed in the fashion described.

The stations were recovered by small boats (LCMs) and

towed to the LSD in all cases. OCnly the method of retrieving
the towline was changed.

27



On the rehearsal,the towline was disconnected by
hand at the target ship and the zero raft. These ends were '
then teken in tow by an LCM and returned to the LSD., During
the actual shot,the towline was parted at the zero raft by
the detonation of primacord just prior to burst time. This
then made the downwind portion of the array free-floating.
The radioactive water patch prevented the recovery boats
from teking the zero raft end of the towline. Instead,
they recovered the towline at the end-of-the-string marker
raft and proceeded to pull it in a wide arc back to the
LSD, After the line end had been passed to the LSD, which
pulled it on board, 1CMs removed the coracles from the tow-
line and positioned them under the crane of the ship. The
crane vas outfitted with a hand-engaged grammel which could
be engaged quickly in the coracle tripod and held there um-
t11 the crene could teke a strain and pull the coracle out
of the water.

After the sea trials,the project cleaned up all last-
minute details, loaded all necessary equipment and personnel
aboard the various ships, and the operation put to sea for
the test site.

2.3¢2 Sea Operationge ITwo days before the shot, the

coracles were opened and arming began. Cables were connected,

samplers were washed with distilled water, and the gas-fraction-

sampler was charged with water. The instruments were mnm for

a short time to check the recorders. The coracles were then
closed to awalt final arming,

The final arming was started at H-8 hours. Coracles
were reopened; the radiac trigger for the gas-fraction samp-
ler was turned on and zeroeds The gas-fraction head and
droplet counter head were installed, and the GITRs and ADCs
started. The instruments in the well were checked with a
stethoscope to insure that the motor in each of the re-
corders vas running. At about H-6 hours, the coracles were
closed, and the launching was started. Also at H-6 hours,
the erming team was taken to the USS Bausells The GITRs
there were started,and the team left for the LSD with the
lagt of the ship's company.

Difficulty aboard the weapon d=livery ship and photo-
graphy aircraft caused a 22-hour postponement of the shot,
and all stations and towline were returned to the LSD. All
GITRs and droplet counters required new recorder tapes and
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batteries. In some cases, the frangible valve in the ges-
fraction sampler had detonated and had to be replaced. The
pressure gages which provided the burst time fiducial were
cut and lost on four stations. Replacement of damaged
equipment and arming for the following day was started im-
mediately. This vas completed at H-13 hours the following
daye The final arming was completed in the seme manner as
the day before.

After the coracles were launched and the Bausell GITRs
armed, preparation for recovery was started, Personnel who '
vere to enter contaminated areas,dressed out in protective
clothing. Necessary equipment was assembled at the point of
use. At B-3 hours, Project personnel were transferred to
the USS Sioux to make final preparations for taking the
contaminated water samples.

After the shot, porsomnel took their assigned stations
and proceeded with the water sempling and the coracle re-
covery. The USS Sioux penetrated the edge of the radio-
active vater patch 18 minutes after burst time. The first
vater sample (5 gals) was taken at H # 20 minutes as the
vessel pulled out of the area. Two more penetraticns were
made into the water patch at different locationssand water
samples (5 gals) vere taken each time., These were drawn at
about H ¢ 1 hour 53 minutes and H § 4 hours 10 minutes. A
one-gallon portion of the second sample was allocated for
air shipment to Los Alamos Scientific laboratory (LASL).
A1l of the water patch samples were transferred to the USS
Yorktown and flown directly to NRDL and LASL for radio-
chemical yield determination.

The station recovery, which followed the same procedure
as that rehearsed, proceeded through the day and into the
early hours of the following morning. The far downwind end
of the array was taken in tow by an LCM and pulled in a
large semicircle upwind to the LSD. All stations survived
the event,though station 5 had been capsized. The stations
vere all recovered by H £ 15 hours. The following day the
coracles vere opened, and all taped data and samples were
removed and packed for shipment to NRDL upon return to the
staging area.
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2 ta Reductione The samples and data tapes were
returned to NRDL for processings All data reduction, sample
decay counting,and chemistry had been started by D ¢ 3. The
data tapes were read out on the NRDL GITOUT (see Section 2.2.7)e
This data vas then punched on tc IEM cards and a computer used
to reduce it to dose rate versus time. The total mumber of
dose increments on the GITR tapes were counted and the total
dose calculated. The ADC tapes wers read out as pulses per
unit time. Time was established on each using the known

station start time and the shot time, or the pressure fif-

ucial data.

Photographic data were analyzed from films made avail-
able by Project 1.2 of the NOL. The preshot and postshot
positions of all stations with the exception of station 5

were ascertained.

This station was never found in the post-

shot photoss Burst point was established and base surge
sizes were determined where possible.

TABLE 2.1 SHOT DATA AND SURFACE WEATHER AT SHOT TIME

Yield’ kt

Burst depth
Water depth
Burst time

Zero Coordinates

Surface wind speed, knots
Surface wind direction
Surface current speed, knots
Surface current direction
Waves

Swell

Firing Vessel Location

\

670 L 20 feet

17,140 feet

200R$05,912, 11 May 1962
124913,3 W j 0.3!

31°L4,7'N T 0;3'

8 to 12 10,5 £ 0.5

From 293°T

0.5

From 338°T

3 £4, crest to trough from 315°T
1 to 6 ft, crest to trough from
315°T

4348 yards from surface zero
2980T
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Figure 2.1 Preshot array.

31



— . —
S3A3 ONIMGL
- BDNIEDON : .,

—— gl —
== — ———— S ———T—
rIlll|
— .|.-|I.‘  ; =

P == Rl
HIANASHYHL
e P AHNS 5T
—_— i
—— -
—_— — e
-

HILIMS DNIMYY

WOLI2430 HLD < ST1TOMINDD FIDOVHOD

\
-.-.-..
L3N .\\ \
A\

HITdWYS HOLIVHA 599

T MIYd N4

HITHWYS TINNML

O0drgL OMiLAi

T~ LHBIT ONIHEY 1Y

32



Figure 2.3 Coracle—simplified elevation, cross section,
and plan view.
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Figure 2.5 Shipboard GITR mounting.
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Figure 2.7 Droplet size counter head.
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Chapter 3
RESULTS AND DISCUSSION
3,1 GENERAL DESCRIPTION OF DATA

It was not the intent of the Project to perform a com-
prehensive investigation of the radiological aspects of the
detonation of the ASROC weapon. The restriction of the
station array to a single line of stations as given in
Chapter 2 precluded a detailed documentation of the event.
Strictly epesking, the data gathered at any station is ep-
plicable only to the location of that station. However, the
data from the several stations could be extrapolated (since
there was continuity)and the extrapolation used for the for-
mation of a general picture of the events The ultimate pic-
ture thus formed, however, is an implied one. This would be
true to some extent in any case. In this instance, with the
low station density and the skewed slignment of the erray,
the general picture is not as firm es it might otherwise
have been, The gamma field histories of the stations, which,
in part, formed the event picture, are shown in the Appendix.

3.2 EARLY TIME GAMMA FIELDS

The station GITR records showed a heterogeneous gamma -
dose rate history for all stations and the USS Bausell,
There were, however, certain gimilarities between the GITR
records. These similarities became quite clear when the
records were compared with their location and the configurs-
tion of the surface effects as shown by the photographic
data supplied by Project 1.2. Knowledge of the station pre-
shot locations and the ambient meteorological and oceano-
graphic conditions along with visual observation gave added
meening to the GITR reccrdse

342,1 Gamma Fields, 0 to 5 Minvtes. The first gamma field
geen by the stations ceme from the plume as it erupted
shrough the shock dome at H ¢ 7 seconds (see Figure 3.1).
3efore the plume had reached 1ts maximum height, the gamma
field created by it had reached out to 7,000 feets Time of
arrival of the first data at station 6 at 6,900 feet from
gurface zero was at H £ 13 seconds (see Figure 3.2)s As the
plume began to subside, the base surge appeared,and its
growth i3 illustrated in Figures 3.3 through 3.8.
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A1l stations upwind from surface zero that were not
reached by the surge, i.e., Stations 1 and 2, had a single peak
in their dose rate curve that occurred at about H £ 1 minute
(Figures A.1 and A.2). The peak arrived at a time when
the plumes had completely subsided,and the surge appeared as
a ring of water vepor, roughly circular in shape between 10,000

and 12,000 feet in diameter. The total dose at these
stations was due to the shine from the surge and to a lesser
extent the plume. By H £ 3 minutes, the surge had reached
its meximum extent upwind of about 6,500 feet. Its shape
was quite irregular,and because of this, neither the Bausell
nor Station 2 were in the surge even though they were within
the maximm envelope of the surge (Figure 3.6).

Stations 4 and 5 were covered by the base surge at H £
2/, and H § 3L seconds. During this time, it was expanding
horizontally at the rate of about 100 ft/sece The rate of
growth was alnost constant as indicated by neasurements
taken from the photographic data using Ststions 4 and 5 as
reference points. Since the surge was roughly circular at
this early time,it was deduced from the symmetry of thz event
that Station 3 was covered by the surgr at about H £ 40 seconds.
With this photographic evidence, it can be seen from Figures
A.3 through A,5 that the first dose rate pesk did not occur
until after the stations had been covered by the surge. The
dose rate experienced by these stations during the first
minute and after they were covered by the surge may have come
partially from the patch of contaminated water that was
certainly in the process of formation. The separate contribu-
tions of the surge and the patch could not be determined from
the data,

The early stages of the patch formation were completely
obscured by the plumes and surge., The first view of the patch
vas not seen through the surge until H ¢ 1% minutes at which
time the surge had grown to about 6,000 feet in radius. The
vater patch at this time was already 4,000 feet in radius end
had reached Stations 3 and 5. Station 4 was probably in the
patch almost from the start of its formation. As it expanded
and reached Stations 3,4, and 5, these stations were forced
out of their original position in a radial direction from
surface zero by the action of the water patche At least the
surface water of the patch appeared to be moving radially out
from the center,carrying the stations with it. At some un-
determined time during this period, Station 5 capsized. The
ceuse of this is not known.
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By H ¢ 5 minutes, the base surge had reached 1ts mavioum
upwind and crosswind dimensions. The upwind portion of the
surge had already started to drift downwind, and the downwind
extremities of the surge had reached out to e distance of
15,000 feet (see Figure 3.8)s The gamna record of stetion
6 (see Figure A.6) for this entire pericd came only from the
surge, since the water patch did not reach that station until
much laters This gamma record, however, was not that of the
direct downwind surge but more that of the west side of the
surge as it passed over the station. This was due to the
skeved location of the array axis with relation to the exis
of the wind.

The gama records of both stetions 7 and 8 (see Figures
A.7 and A.8) show this effect even more clearlye Time of
arrival of the data at Station 7 was at H £ 2 minutes,and the
record was of much shorter duration then that of Station 6,
indicating that the station was closer to the edge of the
surge but still within it as it passed. The garma field wes
algo lower by a factor of two than that of Station 6. The
first of the gemma field did not arrive at Station 8 wuntil
H / 74 minutes. Again, this represented an edge transit of
the surge over the station. The duration of the transit was
about the same as for Station 7, but the gamma field was
further reduced by at least & factor of two. This was tobe
expected in view of the comperatively later time at which the
record was made.

Summerizing the gamma fields that existed during the
first five minutes of the event, the initial field creeted
by the plunes delivered high dose rates at the stations close
to surface zeroybut the field lasted for such a gshort time
that the total dose accumulated from this source was not
significant for vessels outside of the safe standoff dis-
tance based on shock considerations. At ell locetions out-
side of the base surge, upwind of the detonation point, the
total germa dose both from plume and surge was less than
25 r with pesk dose rates not exceeding 500 r/hr. Within
the surge as shown by Figure A.6, the dose rate ranged from
100 to about 4,000 r/hr from the surge only. Dose rates in
the patch as shown by Figures 4.3 and AJ ranged from 1,000
to 30,000 r/hr from the surge and patch combined, Both the
surge end the patch were visible to a surface vessel during
the entire period.
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3,2,2 Gamma-Fields, 5 to 30 Minutes. AtH # 5 minutes,
the base surge was broken up into an elongated ring. The

limits of this ring were not clearly visible due to its pro-
gressive evaporations The entire mass of the surge was wind-
borne. By H ¢ 10 minutes it was practically invisible. Sta-
tions 1, 2, and the Bausell which were not reached by the
surge had received over 90 percent of their total gamma dose.
Station 2 had received 90 percent of its total dose by H 4 13
minutes.

Stations 7-and 8 also received 90 percent of their total
dose by H £ 10 minutes. This undoubtedly was due to their
location on the west edge of the surge. Had they been located
directly downwind,their gamma record would have lasted until
H £ 30 minutes,and the dose rates and total dose would have
been higher at least by a factor of 10, looking more like the
first 20 minuies of the dose rate history of Station 6.

During the first 30 minutes, the water patch increased
in size from 6,000 to 12,000 feet in diameter and was
clearly visible from a surface vessel.s -.se rates within the
patch vere recorded at levels ranging from 600 to 30,000 r/hr.
Station 4, though it was moved radially outward, probably
represents the gamma fields to be expected within the patch
during this periods During the first 10 minutes, this record
included the contribution of the base surge as it transited
the station. Station 3 was also in the water patch during
this time,though more toward the windward edge. Here also,
the first five minutes of the gamma record included the gemma
dose rate of the transiting base surge. The time period from
B £ 5 minutes to about H £ 20 minutes represents the dose rate
of the patch only. At that time, as shown by the rapid drop
in dose rate, the station was towed clear of the water patch.
The speed at which it was towed was about 1 knot or less.
This fact in conjunction with the rapid decrease in the dose
rate indicated a very steep garma fleld gradient at the edge
of the patchs The GITR record from the Sioux's first entry
into the patch confirms thise The irregular nature of the
dose rate record of this station also indicated that the gamma
field at that staticn was far from wiform. One can only
speculate as to the reason for this.

43



The motion of patch water seemed to be responsible for the
manner in which the stations within the patch drifted radially
outward from surface zero. If the patch water consisted of a
layer of water spreading out over relatively clean ocean water,
there would be a certain amowunt of mixing at the outer edges.
This would give rise to an umeven distribution of the patch
water at the edge of the patch and would tend to create a gamma
field of which the record of Station 3 is representative. The
presence of foam patches could have also contributed to this
type of a record if the foam was more highly contaminated
than the surrounding water.

Station 5 capsized at about H # 50 seconds. Whether the
station was in the water patch at this time is not lmown. The
record at this station for the perlod after capsizing was that
of the gamma field that existed under about 2 feet of water.
The pessage of the base surge over this station was recorded
through the bottom of the coracle but the record beyond H £ 10
was that of the immediate subsurface of the water petch, The
peak at H ¢ 12 minutes could only have been due to the station
converging with a patch of the water which had a higher specific
activity than that of the surrounding water patch. This again
indicated that the water patch was far from uniformily contam-
inated,

During this period, the base surge was carried downwind
and became invisible due to the evaporation of its water phase.
Its passage, however, was marked by the records of Stations 6,
7, and 8. The distinct dose rate peaks shown by Station 6
indlcated that the surge was broken up into more or less dis-
crete patches or cloudss This was the only clue to the dif-
ference in shape of the gamma records of Stations 7 and &,
There was no definite proof that Station 8 ever was in the
surgee The gamma record of this station may well have been
almost entirely from the shine of the surge as it was wind-
driven past the station. When compared with the dose rate
levels of Station 2, the higher levels experienced by Station
8 indicated that the station was at least at the edge of the
surges In any event, the location of Station 8 roughly marked
the western edge of the surge as it drifted downwind.

(ATF-175)
The USS Sioux/made an entry into the water patch at H ¢4 18

minutes to obtain the water samples for the radiochemical yield
determination., The vessel approached the upwind edge of the patch at a
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speed of about 3 knots; the garma field was found to rise very
sharply (see Figure 3.9). The limit of the patch was sharply
marked by white foam. Entry into the patch was limited to
about 500 feet. Dose rates were approximately 1,000 r/hr, as
shown by radiac meters and confirmed by the GITR detector 6
feet above the water and 6 feet from the side of the vessel.
The vessel had hardly entered the patch when the dose rate
forced her to leave. A 6—ga.13ﬁ£ water sample was nonetheless
taken which contained 2.9 x 10~ fissions per liter. This
vas lower than had been expected at this early time. The two
garma dose rate peaks shown in Figure 3.9 have no apparent
explanation. They may have been caused by the maneuvering of
the vessel which could have brought less contaminated water
to the surface near the detector. They may have been caused
by the irregular contour of the edge of the patch through
which the vessel passed.

Upon entering the patch at H # 20 minutes, Project members
noticed the presence of an invisible aerosol existing above
the water vatch to a height of at least 30 feet. The damp-
ness of the serosol could be felt on the skin. It was not
part of the base surge but appeared to be generated by the
water patch itself. Once free of the patch, the weather deck
background varied from 10-20 mr/hr. Shoes and hands cf ex-
posed personnel read 400 and 100 mrad/hr,respectively.
Fire hosing of the weather decks of the ship and showers for
the personnel were effective decontaminatione

The total gamma dose to the target vessel originated
first from the shine from the plume and then from the shine
from the base surge. The vessel was not at any time within
the 1imits of the base surge, even though the maximm en-
velope of the upwind surge extended to the location occupied
by the vessel. An indentation in the surge at that point
kept the vessel from being covered by it (see Figure 3.6).
Peak dose rates at the various shipboard stations all arrived
at about H £ 1 minute, with 90 percent of the total dose ar-
riving at from 3.8 minutes for location 8 to 10.5 minutes ab
location ¢ (see Figure 2.6). The difference in the times was
explained by the amount of natural shielding afforded the
locations by the structure of the ship, the weakening of the
gamma field around the ship with time, and the cutoff sen-
sitivity of the GITR. Dose with respect to time ad total
dose for all of the shipboard locations is given in Table 3.l.

45



The dose rate histories are given in Figures A.9 through A.lé.

The dose rate and total dose for all of the weather
deck stations was comparable with coracle Stations 1 and 2,
teking their distances from surface zero into consideratione.
There was practically no shielding effect from the ship's
structure at these locations. At locations below deck, the
shielding afforded by the structure was evident in the re-
ductions in dose rate and total dose by a factor of from 10
to 100,

It must be emphasized that,though the meximm total dose
sboard the vessel vas low, the location was within the en-
velope of the upwind surge. Had the array been oriented as
1ittle as 15 degrees to either side of its location, the
surge might well have reached thet location with dose rates
increased by a factor of 100.

3,2,3 Gamma Fields. 30 Minutes to 2% Hours. By H / 30
minutes, the base surge had been comrletely swept from the
ares of the station errey by the preveiling 10-knot wind.
The conteminated water patch was still visible from the air
and surface ships and was the only remaining source of radia-
tion. Both Stations 5 and 4 were in the water patch (see
Figures A.17 and 4,18) probably near the southern edge.
Stetion 6 was still clear of the patch and relatively close
to its preshot locatione The record of thir .tetion (see
Figure 4.19) shows the approach of the patcl,by a distinct end
continuing rise in the dose rate at ‘hu iceetion, Overhead
photography ehows Stations 4 and 6 withia 1,600 feet of each
other at the south edge of the patch at H £ 56 virutes (see
Figure 3.10)s At this time, tie limits of the prtch were
marked by a disconnected ring ¢ foa. streaks that was barely
visible in the photographye Tiw size «nd shapr of the patch
would have been difficult to judge ~ m the deck of a sur-
face vessele Station 5 could not be located,and the failure
to do so was probably due to the station's being capsized.
With the orange-colored bottom rather than the white top
showing, photogrephic location of the station was impossiblee
But it vas still attached to Station 4 by the towline, and
had to be within 1,000 feet of that stations The lack of
eny gross discontinuities in its gamma record showved that it
was probably still in the patche
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The sharp reduction in the dose rate of all three stations
at about H £ 1 hour indicates that they became separated from
the water patch at that tinme. The towline of Station 4 chafed
apartyand the station started to drift independently, with the
wind,fron the other stations. The other stations also drifted
free of the patch, due to the action of the wind, though their
drift rate was much slower due to the drogue action of the tow-
line which still comnected Stations 5 through 8. Even at this
relatively late time, the dose rate level exdisting at least
in portions of the patch es indicated by the gamra records
of these stations was high enough to be of tactical signific-
ance. In particuler, the record of Station 4 indicated that
the water patch, at least for the first hour after the detona-
tion, was tactically dengerous for surface vessel entry. The
record of that station showed a totsl dose of 4,000 r for the
first 50 minutes.

At about H £ 3 hours, the Sioux made its second entry
into the patch, this time in the southern quadrant. Though
not as steep as in the case of the H £ 20 minute entry, the
gradient of the gamna field was still quite steep as shown in
Figure 3.11. The vessel's speed, as in the case of the first
entry, was about 3 knots, Even at this time, the garma dose
rate was high though down by a factor of 10. _The 5-gallon
water sample taken contained aprroximately 1013 fissions/
liter. By H # 4% hours, as shown by the gamma record of the
third Siowux entry into the patch, this time in the northwest
quadrant, the gerna field was reduced by another factor of
10 as shown in Figure 3.12. The ratch was not visible from
the deck of the Sioux during either of the last two entries.
There were no traces of foem. Radiac instruments were the
only guide for conning the vessel into the patch,along with
an uncertain dead-reckoning track kept by the vessel and
shown in Figure 3.13. The third entry of the Sioux into the
water patch for the purpose of obtaining water samples was
the last contact that the Project had with the patch. The
sample taken contained 2.5 x 1012 fissions/liter. Further
transits of the patch wers made by the Sioux for the NRDL/AEC
Project.s The results of this Project ere reported in Refer-
ence 8.

3.3 RESIDUAL CONTAMINATION
In most cases, the GITR tapes had run out before recovery

of the stations could be made. Upon recovery, each station
was monitored with hand radiac instruments prior to any decon-

47



tamination. Only those stations that had been in the con-
taminated water patch showed any appreciable contamination
above background, which by recovery time was 10 to 15 nr/hr
on the flight deck of the Monticello. The high background
was caused by the recovery of conteminated towline, Those
stations that had been in the water patch showed levels
ranging from 100 to 250 mr/hr, 3 feet above the coracle
deck. Station 5 had the highest level of contamination

due to the hangup of contaminated water resulting from its
overturne Back decaying of these readings, using a normal
fission product decay curve, indicated that the contribu-
tion of the deposit dose left on the station was not sig-
nificent when compared to the total dose experienced by the
station, This condition was not too conclusive as data,
since surface wave action may have partislly decontaminated
the station during the time it was being towed back to the
Monticello, On the other hand, some of the stations, part-
icularly Stations 5 through 8 were inadvertently towed
through the west edge of the water patch during recovery.
This may have served to increase rather than decrease the
smount of contamination found on these stations at recovery
time,

Subsequent to the three entries of the Sioux into the
contaminated water patch to obtain water samples, she re-
turned to the patch to carry out the remainder of a 24-hour
survey of the patch for the NRDL/AEC Project. Upon her re-
turn to port on H £ 3 days, monitoring of the vessel showed
no significant contamination on either the ship's hull or in
the salt water systems of the machinery which had to remein
open during transits of the patch. No decontamination of
the weather decks was necessarye The only precautions
taken during the operation were the securing of all but the
essential salt water system and the firehosing of the aft
deck after the first entry into the patche This indicated
that deck contamination by the water patch was negligible
and that normal steaming in clear water was effective as a
decontamination measure for those salt water systems neces-
sary to the operation of the vessel.

Upon return to port, the coracles were again monitored

and found to 38 contaminated with an alpha emitter, identified
later as (P*?7). Only those coracles that had been in the
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water patch were thus coutaminated and then only om a strip

8 to 12 inches wide at the waterline, Maximum re gs on
the post highly contaminated coracls was 2.6 x 10° dis/min/
60car*, with the average being from 3 to 5 x 104 dis/min/60cn?.
The three remaining coracles were similerly contaminated but
with maximm resdings of from 1.2 to 4 x 104 dis/min/60 cm? and
average readings of from 4 to 10 x 103 dis/min/60cmRs The
fact that the contamination was restricted primarily to the
vaterline indicated that the contamination was deposited

from the surface of the water, perhaps from the surface foam
that so clearly marked the patch limits at early times.

This does not preclude the likelihood that thls alpha-emitting
material was distributed in depth in the patch.

3.4 YIELD DETERMINATION

Determination of the yleld of a nuclear weapon by ralio-
chemical means involves dstermination of the mumber of fission
events represented by the fission products in a given sample
and of the fraction of the original fissionable material con-
tained in the sample. Determination of the mumber of fission
events preducing the fission products is done by measuring one
or more fission products uhos%fiasion eld is well established.
The nuclides used here are Mo’’ and Nd**'e. Determination of the
original fissionable material fraction 1is done by measuring one
or more dements which were originally present in the weapon in
a known amount. Elements such as uranium and plutonium are
commonly used. Because the concentration of naturally occurr-
ing uranium in sea water is comparable to the concentration
of uranium from the bomb debris resulting from this detona-
tion, uranium could not be used satisfactorlly for measure-
ment of the bomb fraction. Plutonium was thus employed for
this purpose. Numerous other radiochemical determinations
were required to correct for other nuclear reactions occurr-
ing in the detonation, for fractionation which was extensive
in one of the three samples, for fission in more than one
fissionable nuclide, and for fission with high-energy (14 Mev)
neutrons.

A1l radiochemical determinations were completed. Using

_these results, the yield-of the weapon was calculated as being
This figure supersedes the value
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of percent previously reported in Reference 9.
3.5 ADDITIONAL MEASUREMENTS

As given in section l.1.4, physical measurement and
sampling of the base surge was attempted. Because of the
failure of the triggering control for the gas-fraction sam-
pler, no samples of the base surge gas fraction were obtained.
Though the droplet counter operated properly, difficulties
arose in the calibration of the droplet counter detector
heade Interpretation of the droplet counter data cannot be
done until the calibration difficulties are resolved.

Suitable samples of the base surge rainout and of the
contaminated water patch were obtained. The rainout samples
were collected by the bottle-funnel collectors at each
station, The water patch samples were obtained as related
in Sections 3.2.2 and 3.2.3.

All stations collected measurable amounts of liquid in
the funnel-bottle collectors. However, collections at the
two far downwind stations were not active enough to warrant
radiochemistry. The weak specific radioactivity of these
samples strongly suggested that they were considerably
diluted by ocean water splashs The radioactive decay of
the samples from the far upwind stations which were known
to have escaped engulfment by the surge tended to match the
decay of the radiocactive patch water with which they inad-
vertently came in contact during recovery of the stations.
This suggested that some contaminatlon of the other sampes
may have occurred from sea splashe One of the three water
samples teken for the determination of the radiochemical
yield of the weapon was decay counted for comparison with
rainout decay curvese

Table 3.2 presents the principle results of the physical
and radiochemical analysis of the fumnel-bottle rainout
samples together with similar data recorded for the three
yileld-determination samples. The notable feature of these
data is the trernd toward increasing R-values, or enrichment
of those daughter nuclides having moderate half-life rare
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gas precursors, as & function of the time of arrival of the
rainout. This result is in qualitative agreement with the
fractionation hypothesis (Reference 5) and confirms similar
results recorded in Operation Hardtack. The slight deple-
tion of these daughters found in the water patch samples is
also an expected congequence of this hypothesise

Tvo sets of radiocactive decay analyses were accomplished.
One set involved the use of a NaI(T1) crystal well counter,
the other a 4 W ion chamber. Figure 3.14 represents the
well counter decay curves plotted with an arbitrary radio-
activity sceles The curves were purposely oriented in the
fashion shown to emphasize the changing shape characteristic
as a function of the time of arrival of the reinout liquid.
This shape change is quite regular for the upper {zar curves
and is attributed to the increased quantity of Ba and
Lal40 iy the successive sanples. The lower two curves
(Station 7 and 8) should have followed the trend of the
upper ones,since rainout arrivel at the stations was later.
Instead, their shape places them somewhere between that of
the radioactive patch water sample and the radionuclide en-
riched rainout samples. This reversel of shepe trend was
probably due to a small collection of rainout being contam-
inated by a larger quantity of seawsplashed patch water.

Figure 3.15 represents three 4 7r ion chamber decay curves
developed by the method of C.F. Miller (Reference 10). Super-
imposed cn two of these are the data points of decay curves
produced by rainout samples. The radioactivity scele is
arbitrary,and the curves are purposely oriented in the
fashion showne This emphasizes the shape similarity be-
tween calculeted decay curves and the actual ones when the
theoretical curves have been altered bg inclusion of the
same excess quantity of Bal40 and 1al40 contained in the
reel semples.

These two sets of decay curves generally support the
findings shown by the radiochemical analyses. They are in
accord with the fractionation hypothesis and confirm similar
results found in Operation Hardtack.
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Within the limits of the Project's participation, the
effectiveness of the Project was measured by the acoumula-
tion of data from all instruments and the reliability of
that data. This was modified by weighting the various
instruments and their data in accordance with the impor-
tance to the Project of the objectives which they served,
The overall effectiveness of the Project was about 80
percent in achieving its original objectives.

TABIE 3.1 TOTAL GAM'A DOSE AT ALL GITR STATIONS

Distance Total Gamma Time to 90%

Station from SZ Dose Total Gemma Do
No. ft (r) Iminj

1- Upwindﬂ 7,250 2375 7
2 - Upwind'® 5,170 22 12.5
3 - Upwind(®) 3,980 923 19
L - Domwind((b) 2,430 4,250 46
5 - Dowmwind(P) 3,590 207.5 16#
& - Downwind (P} 6,890 344 60
7 - Dovnvind{e] 10,340 38.5 10
8 - Downwind‘®/ 1,790 20 17.5
DD-845 6,400
Shipboard
l- Forecastl’(‘) 0.69 9.9
4 - Fantaill® 2.1 10,5
5 - Flight deck(®) 1.9 1044
7 - Aft crev's quartera(a) ( ) 0.31 7.6
8 - Forvard crew's quartegs, a 0.062 3.8
9 = 5" Ammo handlin( Joom a .008 A
10 - Fvd Engine room‘® .008 8.1
11 - 5" m turret, Mt. 52(a) 2.8 m

(a) Shine from plume and surge onlye
(b) Surge and water patch.
(¢) Surge onlye

% Station capsized. /2,5 ) &Zd/d

52



|
i
|
|

|

(oyoyd

TAYUN)

*Spuodas ([ + H 1e

awn|d

[t

» 2and1 g




s
8

, /7

° /
; /
/
$
/
- /

/
2 ,1
7
1’4
) A
SHIP /
0 3—3¢—g—r 3 1
0 2 4 6 8 10 12 14 16 18

DISTANCE IN THOUSANDS (FT}

Figure 3.2 Data arrival time at station locations.

55

20



-

o!
\ BAUSELL
02
o3 i
4,
= 0
/sunee LimiT =
Fail
=
sz
4
o5
o6
o7
o8

0 2000 4000
[ O S S—
FEET

Figure 3.3 Visual base surge contour at H ¢ 24 seconds.

56



h_:

o!
A BAUSELL
ae
al
— SURGE LIMIT
=
i
vl
-]
o6
14
o8
0 2000 4000
L 1 | P |
FEET

Figure 3.4 Visual base surge contour at H # 34 seconds.

57



e

BAUSELL

o7

o8

0 2000 4000
!

FEET

Figure 3.5 Approximate base surge and water patch configuration
et H # 2 minutes.

58



i
L ] -iﬁ

gauseLL Y

PATCH

e8

0o 2000
L

L I

FEET

4000
J

Figure 3.6 Approximate base surge and water patch configuration
at H £ 3 minutes.

59



o!
\ BAUSELL

i e T
A ,af»r:ﬁ,}sa

o8

0 2000 4000
L 3 ] 2 j

FEET

Figure 3.7 Approximate base surge and water patck configuration
at H £ 4 minutes,

60



0 2000 4000
WIS S S T—
FEET

Figure 3.8 Approximate base surge envelope and water patch
at H £ 5 minutes,

61



10000

]

Dose Rate , r/hr
8
L
0

!

1

\
\
\
\

|

. 20 22 24
H+ Time in Minutes

Figure 3.9 Dose rates versus time for first USS Sioux entry
into patch,

62



()

d BAUSELL
'Y,
[ ]
3 /pmcu LIMIT
o7
Y.
0 2000 4000
L 1 ' |
FEET

Figure 3.10 Water patch at H # 56 minutes.

63

e




1000

AL

Dose Rate | r/hr
o
\N-\‘
—
e

~ ]

10
173 175 77 179

H + Time in Minutes

Figure 3.11 Dose rates versus time for second USS Sioux entry
into patch,

64



100

Dose Rate, r/hr
S

\J
/

10
251 253 253 257

H+ Time in Minules

Figure 3.12 Dose rates versus time for third USS Sioux entry
into patche

65



| BUOY ALPHA ‘

*H” How 20022

.

o Ll
1]
oy =i 'Il-lll\“_:'.-
=
- =l b -
- w1 ]
{1
-
Sl W By — X1 e -
gl \ E
l=appms i
iy ]
L.}
1]
YARDS
111
82

Figure 3.13 USS Sioux track in the radicactive patche

66



AELATIL Cild

w0 T — =

T T
.y | I 8 1  —

Y
1 it i | T |

& AADIDACTIVE WATER PATCH BAMPLE 0T

& WEINOUT (We2e-59 SECISTATION &

B MARCHIT | Modl-UK 9851 TATION 3

1|.. S MARROUT | M+8E-93 BEC] RTATION &

B RRSGUT [Wee ) GEC) ETATIDN T
o MRiWOUT (HsrYSEC) STRTRDN &
L —— = or

'--._,_'L""--un-_________

&

Q@

a i} i k=] Al b i 1] ] L[ B2 1] i
BIAYE s

Figure 3,14 Deep well counter decay curves.

e

Hge 68 Dele#d.

67



Chapter 4
CONCLUSIONS AND RECOMMENDATIONS

Because of the operational conditions (detailed in Chapter
2), a comprehensive description of the event could not be made.
The low station density and the skewed nature of the array
markedly diminished the significanca of the data obtained,in
spite of its proven validity. Nevertheless, there was suf-
ficient continuity in the data to form the composite picture
of the event from the radiological viewpoint (given in Chapter
3), as well as several general conclusions arising from that
picture. The validity of the radiological picture and the
conclusions drawn from it are, however, strictly true only
for the ASROC weapon detonated at the same depth and under
the same site conditions that existed during the test. This
is particularly true with regard to the surface wind con-
di%ions and the water depth. The presence of shallow water
or a different surface wind condition would substantielly
alter the picture of the event as presented in this report.
Any extension of this data to conditions other than those
which existed for this test should be performed with special
care and the best possible insight into the effects that the
new conditions will have on the outcome of the event.

4.1 CONCLUSIONS

It is clear: from the gamme records of those stations
within the base surge that,at least for the first 30 minutes,
it represented a tactical hazard for surface ships entering
it. The potential of the hazard was further heightened,
because after the first 10 minutes,the surge cloud limits
vere virtually invisible. By H ¢ 20 minutes, its most dense
portions were vague imapges, practically invisible. There
were still gamma filelds at the edge of the surge in excess
of 100 r/hr, indicating that the base surge cloud was still
a strong source of gerra radiation at locations within its
1imits. The only significent gamma dose contribution from
the base surge, however, was confined to the transit dose.
The contribution by surge-deposited contamination to the
total dose at station locations within the surge appeared to
be negliglble. '
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For purposes of establishing radiologically safe delivery
standoff distances, the extreme envelope of the base surge
must be considered because of the unpredictable local varia-
tions in the surge contours. For this test the envelope ex-
tended about 6,500 feet upwind, 7,500 feet crosswind, and
14,000 feet downvind from the surface zero by H # 5 minutes,
at which time, having lost most of its energy of motionm, it
became windborne. Since it became invisible through evapora-
tion shortly after that time, its location could be defined
at later times only by assuming its progress was downwind
at surface vind speed,

The extent of radionuclide fractionation in the reinfall
from the base surge depended upon the length of time the drop-
lets spent in the cloud before rainout. The radionuclides
vhich did fractionate were those generally found in the radio-
nuclide decay chains containing rare gas members having half-
lives greater than about 10 seconds.

The dose rate levels within the contaminated water patch
were higher and more presistent than had been indicated by
all preshot estimates. Visible evidence of the patch either
from the air or from a surface vessel was not a dependable
guide to the location or extent of the patch for more than
the first 30 minutes. The patch was still highly radioactive
at that time as shown by the 1,000 r/hr gemma field at the
very edge at H £ 20 minutes and the H £ 1 hour dose rate of
6,000 r/hr of station 6. There was strong evidence that the
gemma field of the patch was not wniform, particularly at
later times. The source of the radiation within the water
patch could not be identifi.d. Whether it arose from the
foam, the surface water, or from highly contaminated water
that had risen to the surface through upwelling caused by the
detonation~induced turbulence of the water will have to await
solution from future study and additional data.

From the experience of the USS Sioux entries into and later transits
of the water patch, and the lack of significant gamma sourcss the follow-
ing day within those salt water systems operated during tha. time, it was
concluded that 24 hours of normal steaming in clear water was sufficiently
effective decontamination of those systems to preclude having to take sub-
sequent special decontamination procedures. Also, in the absence of any
patch water on deck, firehosing of the weather deck proved an effective
decontamination procedure for whatever small amount of contamination
deposited by the aerosol above the patch during the H # 20 minute entry.
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Aside from its gamma field, the patch water was found
to contain an alpha emitter (Puz39) in relatively lzrge
quantities. In view of the very long half-life of this
material, and the biological hazard associated with mere
trace amounts, if ingested, it is advisable to consider
securing all sanitary salt water systems and all other salt
water systems not essentisl to the mobility of a vessel
entering the patch.

The total gamma dose experienced by the Bausell originated
initially from plume shine end finally from shine from the
surge cloud., The surge never reached the vessel. The shape
of the dose rate vs. time curves for the weather deck locations,
aside from the dose rate levels, was alrost identical to those
of the coracle locations both upwind and downwind from the
vessels The dose rates and total dose also corresronded
closely,with the distances fron surface zero taken into con-
sideration. Apparently, there was no significant shielding
afforded the weather deck locations Ly the structure of the
ship. The interior locations, however, showad a marked reduction
in total dose as compared to the open deck. This reduction was
as high as a factor of 100 for the locations well within the
interior. Generally, the emount of reduction appeared to be
in direct proportion to the amount of ship's structure be-
tween the detector location and the gamra source, the base
surge in this case. It should be emrhasized that over 90
percent of the total dose was delivered to all the locations
on the terget vessel within the first 10 minutes after de-
tonation and that since the amount of shielding afforded by
any mediun is a function of energy spectrum and geometry of
the source, the shielding observed in this case was strictly
applicable only during this eerly time, and to the existing
geonetry. It right not be apclicable, for exemple, at later
time in the patch.

The yield of the weapon as independently determined from
radiochemicel analysis of contaminated water patch samples and
quantitative knowledge of the device’s original congtitutents was

42 RECOMMENDATIONS

There is insufficient information available to be able
to predict with c¥rtainty the average dose rate with time for
the contaminated water patche Before it is possible to estab-
1lish the earliest safe times of entry, additional data is re-
quired. Ideally, this information should include detailed
dose contours with respect to time, selertive radiochemical
analysis and decays of a large number of water and foam sam-
ples, and in situ energy spectral analysis of the gamma field
and the samples. All of the above information should be ob-
tained at various derths as well as at the surface. The most
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important data would be that of the dose rates contours. This
could best be obtained by use of & properly instrumented low-
flying aircraft operated in conjunction with surface GITR
stations serving as the calibration datum for the aerial sur-
veys The feasibility of this type of water patch survey has
alr)'eady been proven by the results of Project 2.2 (Reference
12).
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Appendix
RECORDS
This aprendix contains the gamma dose retes versus tine records

(Figures A.1 through 4.19) for project floating (coracle) and
shipboard (USS Bausell) stationse
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Figure A.1 Gamma dose rate versus time (0-30 min) for Station l.
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Figure A.2 Gamma dose rate versus time (0-30 min) for Station 2.
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Figure A.3 Garma dose rate versus time (0-30 min) for Station 3.
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Figure A.4 Cama dose rate versus time (0-30 min) for Station 4.
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Figure A.5 Garma dose rate versus time (0-30 min) for Station 5.
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Figure A.6 Gamma dose rate versus time (0-30 min) for Station 6.
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Figure A,7 Gamma dose rate versus time (0-30 min) for Station 7.
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Figure A.8 Gamma dose rate versus time (0-30 min) for Station 8.
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Figure A.9 Camma dose rate versus time (0-30 min) for shipboard
location 1 (Forecastle).
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FMgure A.10 Gamma dose rate versus time (0-30 min) for shipboard
location 4 (Fantail), '
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Figure A.11 Gamma dose rate versus time (0-30 min) for shipboard
location 5 (Flight deck).
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Figure i.]12 Gamma dose rate versus time (0-30 min) for shipboard
location 7 (Aft crew's quarters).
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Pigure A.13 Gamma dose rate versus time (0-30 min) for shipboard
location 8 (Forward crew's quarters).
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Pigure A.1, Gamma dose rate versus time (0-30 min) for shipboard
location 9 (5" Ammo handling room).
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Figure A.15 Gamma dose rate versus time (0-30 min) for shipboard
location 10 (Forward engine room).
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Figure A.16 Gamma dose rate versus time (0-30 min) for shipboard
location 11 (5® gun turret, Mount 52),
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Figure A.17 Gemma dose rate versus time (024 hr) for Station 4.
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Figure A.18 Gemma dose rate versus time (0-2% hr) for Station 5e
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Figure A.19 Garma dose rate versus time (0-2% hr) for Station 6.
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